Introduction {#s1}
============

The domestic rabbit (*Oryctolagus cuniculus*) is a common pet species, with an estimated one million pet rabbits in the UK.[@R1] Exhibiting rabbits has been a popular hobby for 200 years, with over 50 breeds and over 500 varieties currently recognised by the British Rabbit Council.[@R3] Captive breeding and a desire for phenotypic variation encourages substantial changes to the modern rabbit's size, conformation and fur type, with consequent breed-specific disease predispositions suspected but with limited confirmatory evidence.[@R4] Despite their conformational variation, the pet rabbit appears to retain a range of expressed behaviours similar to the European wild rabbit, suggesting that domestication has not significantly changed their behavioural needs.[@R9]

Traditionally regarded as a children's pet, until recently rabbits were commonly housed outdoors in a hutch and fed a mainly concentrate-based diet.[@R10] More recent studies report changing ownership profiles, with increasing ownership primarily by adults.[@R11] Rabbits are now frequently kept indoors, and there appears to be increased awareness by owners that rabbits need hay as a key dietary constituent.[@R2] However, studies continue to reveal serious welfare issues affecting large proportions of pet rabbits, including inappropriate housing, lack of companionship and improper diet.[@R11] A survey of owners at point of purchase identified their limited knowledge of the basic needs of rabbits.[@R12] Regular veterinary visits have, however, been associated with increased knowledge by owners about rabbit care and therefore constitute an important opportunity for further owner education, in addition to identifying and managing underlying disease.[@R13]

A survey of 167 apparently healthy pet rabbits in Finland reported a high prevalence of both clinical and radiological abnormalities on full clinical examination, highlighting the rabbit's ability as a prey animal to disguise external signs of disease.[@R14] Acquired dental disease was the most common disorder, followed by vertebral column deformities and degenerative lesions, skin disorders and eye disorders. Unfortunately, there is a paucity of reliable and generalisable data regarding the prevalence of common disorders within the UK pet rabbit general population. A survey of 102 rabbits in the UK reported dental disease as the most common disorder, followed by respiratory and ocular diseases.[@R15] Another survey of 97 rabbits in the UK reported the most common presenting problems as ocular discharge, overgrown incisors and obesity.[@R16] There does, however, appear to be a mismatch between the common conditions reported in rabbits and the priority given to these conditions in the published information.[@R17] Further information on the common conditions affecting pet rabbits would help highlight current knowledge gaps and assist to develop targeted improvements in education of clinicians and owners, as well as to prioritise research.

Primary-care veterinary clinical data have been recognised as a valuable data resource for health analyses of large counts of animals that are representative of the wider pet population.[@R18] It is important to note, however, that in primary-care practice, veterinarians and owners may be more focused on resolution of the presenting problem rather than reaching a specific diagnosis and that this distinction may be even more apparent for rabbits than for cats or dogs.[@R21] It is additionally possible that some conditions may be misdiagnosed or missed completely due to reduced familiarity of owners and veterinarians with normal and abnormal physiology and behaviour.[@R13] Veterinary clinical records for rabbits should therefore be considered as a good source of data on their presenting problems and presumed diagnoses, rather than as a resource that defines precise biomedical disease terms.

Using veterinary clinical data from the VetCompass programme,[@R22] this study aimed to characterise the commonly diagnosed disorders of pet rabbits and the reasons for mortality as recorded by veterinarians in primary-care practice in England. The results from the current study could provide a valuable framework to improve welfare in rabbits by providing an evidence base for disorder prioritisation based on prevalence.

Materials and methods {#s2}
=====================

The study population included all rabbits under primary veterinary care at clinics in England participating in the VetCompass programme during 2013. Rabbits under veterinary care were defined as those with either (1) at least one electronic patient record (EPR) (free-text clinical note, treatment or bodyweight) recorded during 2013 or (2) at least one EPR recorded both before and after 2013. The VetCompass programme collates anonymised EPR data from primary-care veterinary practices in the UK for epidemiological research.[@R22] Data fields available to VetCompass researchers for each rabbit included a unique animal identifier along with species, breed, date of birth, sex, neuter status and bodyweight. Clinical information from free-form text clinical notes and treatments with relevant dates were also available. A cross-sectional study design was used to estimate the one-year period prevalence of the most commonly recorded diagnoses in 2013.[@R23] Prevalence was estimated using a random sample of rabbits taken from the overall study population; time constraints precluded extracting disorder data on all available rabbits. An a priori sample size calculation estimated that a minimum of 2356 rabbits would need to be sampled to represent a disorder with at least 2.5 per cent expected prevalence to a precision of 0.5 per cent with 95 per cent confidence level from a study population of 6349 rabbits.[@R24]

The list of unique animal identification numbers for all rabbits was randomly ordered, and the clinical records of a randomly selected subset of animals were reviewed manually in detail to extract the most definitive diagnoses recorded for all disorders during 2013.[@R20] No distinction was made between pre-existing and incident presentation. Individual disorders described within the clinical notes using one or more presenting sign terms but without a formally recorded diagnostic term were included using the first sign listed (eg, 'anorexia and lethargy' was included as 'anorexia'). Mortality data (cause of death, date and method of death) were extracted on all deaths at any date from the available EPR data. Elective (eg, neutering) or prophylactic (eg, vaccination) clinical events were not included in the current analyses.

The extracted diagnosis terms were mapped to a dual hierarchy of diagnostic precision for analysis: specific precision and grouped precision as previously described.[@R20] Briefly, fine precision terms described the original extracted terms at the highest level of diagnostic precision provided by the information recorded in the clinical notes (eg, *Abscess - limb* would remain as *Abscess - limb*). Grouped precision terms mapped the original diagnosis terms to a general level of diagnostic precision (eg, *Abscess - limb* would map to *Abscess*).

Following data checking and cleaning in Excel (Microsoft Office Excel V.2013, Microsoft), analyses were conducted using Stata V.13 (Stata). The breed data recorded by the originating practices were mapped to a list of rabbit breed terms that was iteratively derived from the source data. *Adult bodyweight* (kg) described the mean bodyweight recorded from all bodyweight data available for each rabbit aged over six months. *Neuter* described the status of the rabbit (entire or neutered) at the final EPR. *Age* (years) described the age at the final date under veterinary care during 2013 (December 31, 2013).

Descriptive statistics reported the sex, neuter, age and adult bodyweight for all rabbits under veterinary care during 2013. From the random subset of rabbits with disorder data extracted, one-year (2013) period prevalence values were estimated along with 95 per cent confidence intervals (CIs) that described the probability of diagnosis at least once during 2013. The CI estimates were derived from standard errors based on approximation to the binomial distribution for disorders with at least 10 events[@R25] or the Wilson approximation method for disorders with fewer than 10 events.[@R26] Prevalence values were reported overall and also separately for males and females. The chi-squared test (or Fisher's exact test when at least one expected value was less than 5) was used to compare proportional neutering and disorder prevalence between the sexes.[@R25] The Mann-Whitney U test was used to compare age and bodyweight differences between the sexes.[@R25] Statistical significance was set at 5 per cent.

Results {#s3}
=======

Demography {#s3-1}
----------

The study population comprised 6349 rabbits under veterinary care during 2013 from 107 clinics in the VetCompass database. Data completeness varied across the variables assessed: age 98.8 per cent, sex 98.5 per cent, breed 97.8 per cent, neuter status 19.7 per cent and adult bodyweight 5.4 per cent. Of the rabbits with information available, the median age overall was 3.2 years (interquartile range (IQR) 1.6--5.1, range 0.1--14.3). The median age of males (3.3 years, IQR 1.6--5.3, range 0.1--14.3) was higher than for females (3.1 years, IQR 1.5--4.9, range 0.1--13.9) (P=0.007). There were 3429 (54.7 per cent) male rabbits and 2830 (45.3 per cent) female rabbits. Overall, 906 (72.42 per cent) of the rabbits with neuter status available were neutered. There was an observed difference in neuter probability between males and females (72.5 per cent v 73.2 per cent, respectively), but this was not considered to be statistically significant (P=0.766). The median adult bodyweight overall was 2.1 kg (IQR 1.7--2.6, range 0.7--6.3). There was an observed difference between the median adult bodyweight of males (2.2 kg, IQR 1.7--2.6, range 0.8--6.3) and females (2.1 kg, IQR 1.7--2.7, range 0.7--5.9), but this was not considered to be statistically significant (P=0.979). The most common breed types were recorded as domestic (n=2022, 31.9 per cent), lop (1675, 26.4 per cent) and Netherland dwarf (672, 10.6 per cent) ([table 1](#T1){ref-type="table"}).

###### 

Common breed types of rabbit under primary veterinary care at practices participating in the VetCompass programme in England from January 1, 2013 to December 31, 2013 (n=6349)

  Breed                  Count   \%     Median adult (\>6 months) bodyweight (kg)
  ---------------------- ------- ------ -------------------------------------------
  Domestic               2022    31.9   2.3
  Lop                    1675    26.4   2.4
  Netherland dwarf       672     10.6   1.4
  Crossbreed specified   393     6.2    2.1
  Lionhead               361     5.7    2.1
  Miniature lop          216     3.4    1.8
  Dutch                  175     2.8    2.1
  Dwarf lop (mini lop)   162     2.6    1.9
  Rex                    126     2.0    2.4
  Others                 547     8.7    2.2

Mortality {#s3-2}
---------

The median age at death of the 370 rabbits that died during the study was 4.3 years (IQR 2.1--7.0, range 0.1--14.4). For males, the median age at death was older (5.2 years, IQR 3.0--8.1, range 0.2--14.4) than for females (3.7 years, IQR 2.0--5.9, range 0.1--11.8) (P\<0.001). There were 103 (27.8 per cent) rabbits that died without a recorded cause of death in their clinical notes. Of the remaining 267 deaths, the most common causes of death recorded were myiasis (flystrike) (n=29, prevalence 10.9 per cent, 95 per cent CI: 7.4 to 15.2), anorexia (n=18, 4.9 per cent, 95 per cent CI: 4.0 to 10.4), recumbency/collapse (n=18, 4.9 per cent, 95 per cent CI: 4.0 to 10.4) and ileus (n=16, 4.3 per cent, 95 per cent CI: 3.5 to 9.5). Among the eight most common causes of death recorded, the median age at death varied from 1.7 years for myxomatosis up to 6.4 years for anorexia ([table 2](#T2){ref-type="table"}).

###### 

Causes of mortality in rabbits recorded at primary veterinary care practices participating in the VetCompass programme in England from January 1, 2013 to December 31, 2013 (n=370)

  Cause of death                         Count   \% of all deaths   \% of deaths with cause recorded   Median age at death (years)
  -------------------------------------- ------- ------------------ ---------------------------------- -----------------------------
  Death---unrecorded cause               103     27.8               --                                 4.4
  Myiasis (flystrike)                    29      7.8                10.9                               5.4
  Anorexia                               18      4.9                6.7                                6.4
  Recumbency/collapse                    18      4.9                6.7                                5.0
  Ileus                                  16      4.3                6.0                                3.7
  Head tilt                              14      3.8                5.2                                4.2
  Myxomatosis                            14      3.8                5.2                                1.7
  Bite injury                            13      3.5                4.9                                2.0
  *Encephalitozoon cuniculi* infection   10      2.7                3.7                                3.0
  Other                                  135     36.5               50.6                               

Disorder prevalence {#s3-3}
-------------------

The EPRs of the study sample of 2506 rabbits (39.5 per cent of study population) were manually examined to extract diagnosis data for all disorders recorded during 2013. There were 1433 rabbits (57.2 per cent) with at least one disorder recorded during 2013, while the remaining 42.8 per cent had no disorder recorded and either presented for prophylactic management only or did not present at all during 2013. The median annual disorder count per rabbit during 2013 was 1 disorder (IQR 0--1, range 0--12) and did not vary between males and females (P=0.592).

There were 2553 unique disorder events recorded during 2013 from the study sample of 2506 rabbits that encompassed 192 distinct fine precision terms. The most prevalent fine precision disorders recorded were overgrown claw/nails (n=400, prevalence 16.0 per cent, 95 per cent CI: 14.5 to 17.5), overgrown molar(s) (n=190, 7.6 per cent, 95 per cent CI: 6.6 to 8.7), perineal soiling (n=113, 4.5 per cent, 95 per cent CI: 3.7 to 5.4), overgrown incisor(s) (n=108, 4.3 per cent, 95 per cent CI: 3.5 to 5.2) and ileus (n=104, 4.2 per cent, 95 per cent CI: 3.4 to 5.0). Males had statistically significant higher prevalence than females for four of the 24 most common fine precision disorders (overgrown claw/nails, overgrown molar(s), overgrown incisor(s) and dental disease). The median age of rabbits affected with common disorders varied from 1.6 years for bite injury up to 5.4 years for myiasis ([table 3](#T3){ref-type="table"}).

###### 

Prevalence of the most common disorders at a *fine level of diagnostic precision* recorded in rabbits (n=2506) attending primary-care veterinary practices in England participating in the VetCompass programme from January 1, 2013 to December 31, 2013

  Fine-level precision                             Count   Overall (%)   95% CI         Female (%)   Male (%)   P value   Median age (years)
  ------------------------------------------------ ------- ------------- -------------- ------------ ---------- --------- --------------------
  Overgrown claw/nails                             400     16.0          14.5 to 17.5   14.3         17.4       0.041     3.6
  Overgrown molar(s)                               190     7.6           6.6 to 8.7     5.5          9.5        \<0.001   4.4
  Perineal soiling                                 113     4.5           3.7 to 5.4     4.2          4.9        0.384     4.7
  Overgrown incisor(s)                             108     4.3           3.5 to 5.2     3.2          5.3        0.009     4.2
  Ileus                                            104     4.2           3.4 to 5.0     4.3          4.1        0.811     3.3
  Overweight/obesity                               92      3.7           3.0 to 4.5     4.4          3.2        0.100     3.6
  Anorexia                                         72      2.9           2.3 to 3.6     2.5          3.3        0.221     4.4
  Myiasis (flystrike)                              51      2.0           1.5 to 2.7     2.2          2.0        0.659     5.4
  Nasolacrimal duct abnormality---dacryocystitis   50      2.0           1.5 to 2.6     1.5          2.5        0.086     4.7
  Haircoat disorder---matted fur                   46      1.8           1.3 to 2.4     2.1          1.7        0.394     4.5
  Mite infestation                                 46      1.8           1.3 to 2.4     1.6          2.1        0.347     4.2
  Underweight/weight loss                          46      1.8           1.3 to 2.4     2.2          1.4        0.106     5.0
  Diarrhoea                                        45      1.8           1.3 to 2.4     2.3          1.4        0.109     3.8
  Skin disorder---dermatitis                       45      1.8           1.3 to 2.4     2.1          1.6        0.317     4.8
  Bite injury                                      43      1.7           1.2 to 2.3     1.5          1.8        0.559     1.6
  Upper respiratory tract disorder                 43      1.7           1.2 to 2.3     1.7          1.7        0.924     3.1
  Dental disease---malocclusion                    40      1.6           1.1 to 2.2     1.4          1.8        0.445     4.4
  Head tilt                                        39      1.6           1.1 to 2.1     1.6          1.6        0.981     3.5
  Conjunctivitis                                   37      1.5           1.0 to 2.0     1.3          1.6        0.602     5.5
  Ocular discharge                                 35      1.4           1.0 to 1.9     1.4          1.4        0.976     4.4
  Cheyletiellosis                                  31      1.2           0.8 to 1.8     1.1          1.4        0.414     4.0
  Wound injury                                     29      1.2           0.8 to 1.7     1.2          1.1        0.819     2.1
  Skin disorder---alopecia                         28      1.1           0.7 to 1.6     1.3          0.9        0.315     2.4
  Dental disease                                   25      1.0           0.6 to 1.5     0.4          1.5        0.009     4.9
  Other                                            713     29.8                                                           

The P value reflects testing of the prevalence difference between females and males using the chi-squared test.

CI, confidence interval.

Fine precision disorders were categorised into 24 distinct grouped precision disorder terms. The most prevalent grouped disorders were dermatological (n=505, prevalence 20.2 per cent, 95 per cent CI: 18.6 to 21.8), oral (n=272, prevalence 10.9 per cent, 95 per cent CI: 9.7 to 12.1), gastrointestinal/abdominal (n=238, prevalence 9.5 per cent, 95 per cent CI: 8.4 to 10.7), ocular (n=182, prevalence 7.3 per cent, 95 per cent CI: 6.3 to 8.3) and parasitic (n=178, prevalence 7.1 per cent, 95 per cent CI: 6.1 to 8.2). Males had a higher prevalence than females for two disorder groups: oral and auditory ([table 4](#T4){ref-type="table"}).

###### 

Prevalence of the most common disorders at a *grouped level of diagnostic precision* recorded in rabbits (n=2506) attending primary-care veterinary practices in England participating in the VetCompass programme from January 1, 2013 to December 31, 2013

  Grouped level precision      Count   Overall (%)   95% CI         Female (%)   Male (%)   P value     Median age
  ---------------------------- ------- ------------- -------------- ------------ ---------- ----------- ------------
  Dermatological               505     20.2          18.6 to 21.8   19.2         21.1       0.234\*     3.7
  Oral                         272     10.9          9.7 to 12.1    8.1          13.4       \<0.001\*   4.3
  Gastrointestinal/abdominal   238     9.5           8.4 to 10.7    10.2         9.1        0.334\*     4.0
  Ocular                       182     7.3           6.3 to 8.3     6.7          7.9        0.264\*     5.0
  Parasitic                    178     7.1           6.1 to 8.2     6.7          7.6        0.401\*     4.2
  Behavioural                  130     5.2           4.4 to 6.1     4.7          5.8        0.222\*     4.1
  Trauma                       99      4.0           3.2 to 4.8     3.8          3.8        0.964\*     2.0
  Respiratory                  93      3.7           3.0 to 4.5     3.3          4.1        0.259\*     3.4
  Overweight/obesity           92      3.7           3.0 to 4.5     4.4          3.2        0.100\*     3.4
  Neurological                 74      3.0           2.3 to 3.7     3.6          2.5        0.098\*     4.4
  Iatrogenic                   64      2.6           2.0 to 3.2     2.6          2.6        0.992\*     2.4
  Mass-associated              54      2.2           1.6 to 2.8     2.2          2.2        0.961\*     5.8
  Weight loss/underweight      51      2.0           1.5 to 2.7     2.3          1.7        0.250\*     4.9
  Abscess                      47      1.9           1.4 to 2.5     1.9          1.9        0.965\*     4.8
  Renal/urinary                45      1.8           1.3 to 2.4     2.4          1.4        0.057\*     4.2
  Musculoskeletal              43      1.7           1.2 to 2.3     1.9          1.6        0.491\*     5.9
  Auditory                     25      1.0           0.6 to 1.5     0.5          1.4        0.027\*     5.5
  Infection                    19      0.8           0.5 to 1.2     1.0          0.6        0.295\*     2.2
  Cardiovascular               16      0.6           0.4 to 1.0     0.9          0.5        0.183\*     5.5
  Neoplasia                    14      0.6           0.3 to 0.9     0.4          0.7        0.440\*     8.6
  Reproductive                 6       0.2           0.1 to 0.5     0.5          0.1        0.100†      2.9
  Hepatic                      4       0.2           0.1 to 0.4     0.3          0.1        0.339†      2.5
  Soft tissue                  2       0.1           0.0 to 0.3     0.0          0.2        0.503†      5.6
  Congenital                   1       0.0           0.0 to 0.2     0.1          0.0        0.460†      1.0

The P value reflects testing of the prevalence difference between females and males using the chi-squared test or Fisher's exact test as indicated.

\*Chi-squared test.

†Fisher's exact test.

CI, confidence interval.

Discussion {#s4}
==========

This study of over 2000 animals is the largest analysis to date on the health status of pet rabbits under primary veterinary care. The most commonly diagnosed disorders at a fine precision were overgrown claw/nails, overgrown molar(s), perineal soiling, overgrown incisor(s) and ileus. The most prevalent disorder groups reported were dermatological, oral, gastrointestinal/abdominal, ocular and parasitic disorders. The median age at death for rabbits in this study was 4.3 years. Previous studies of the health of pet rabbits have relied on smaller numbers of animals or owner surveys.[@R11]

The most commonly recorded breed types were 'domestic', lop and Netherland dwarf. Given that 'domestic' is not a formally recognised rabbit breed, it appears that the true breed status is frequently loosely recorded in veterinary clinical records or may even be unknown by the owner or veterinary personnel. Lop rabbits were otherwise the most common formally recognised group of rabbits in the study, although the exact breed (or subtype) of lop was not specified in many cases, similar to other studies which also reported lop types as the most common type of pet rabbit.[@R11] Both lop and Netherland dwarf rabbits have been suggested to be predisposed to certain diseases due to their conformation,[@R4] although different lop breeds may have different predispositions. For example, entropion is suggested to be common in French lops,[@R27] whereas dwarf lops appear to be over-represented for dental disease.[@R15] Future studies focusing on specific rabbit breeds, similar to those that have been undertaken for dog breeds,[@R28] are therefore recommended to increase understanding of potential risk factors for different disorders within breed types.[@R15]

The median age of rabbits under veterinary care in this study was 3.2 years, consistent with previously reported demographics of pet rabbits attending veterinary practices.[@R31] Although the median age of males (3.3 years) was statistically higher than that of females (3.1 years), such a small difference is unlikely to be biologically or clinically significant, and highlights the importance of considering biological significance when interpreting epidemiological results.[@R32] Where data were recorded, the majority (72.4 per cent) of rabbits in this study population were recorded as neutered, but due to a high proportion of missing data regarding neuter status (80.3 per cent) this may not accurately reflect the wider pet population. Other studies have found only 46--59 per cent of rabbits are neutered,[@R2] so it is likely that data on rabbits that are actually under veterinary care may overestimate proportional neutering for the overall pet rabbit population in England. The high level of non-recording of neuter status suggests that this is a data field that veterinary practices could prioritise for completion in order to optimise their clinical record-keeping.

The current study reported a median age at death of 4.3 years with survival up to 14.4 years recorded. These findings support many textbooks that state that rabbits can live up to 10 years[@R33] and published studies based on owner surveys that have reported average longevities for pet rabbits from 4.2 to 5.4 years.[@R11] Considering that 34 per cent of rabbits are not currently registered with a veterinary practice,[@R2] the median age of death reported in this study may not completely reflect the wider UK rabbit population. The median age at death for males (5.2 years) was older than for females (3.7 years), but the high proportion of breeds recorded as domestic and the high level of missing data for neuter status precluded reliable deeper analyses to explore breed and neuter effects on survival.

Information on cause of death was available for 72.2 per cent of rabbits, with myiasis recorded as the most frequent cause of death. Other common causes of death included *Encephalitozoon cuniculi* infection, myxomatosis and bite injuries. These are all disease processes which could potentially be prevented by improved husbandry, vaccination and parasite control, and therefore highlight the value of regular veterinary care and developing suitable preventive medicine protocols.[@R35] Many of the common causes of death were recorded as clinical presentations (eg, anorexia, recumbency/collapse) that could be related to multiple underlying aetiologies rather than being pathognomonic for specific underlying pathologies or diagnoses. A definitive biomedical diagnosis may not always be reached, or even needed, in primary-care practice where symptomatic treatment to resolve the presenting problem is often considered as an acceptable clinical goal.[@R21] Further research (including postmortem findings) would be needed to provide more information on the underlying disease processes leading to mortality in pet rabbits.

Dermatological disorders represented the most common disorder group in the current study, affecting 20.2 per cent of rabbits. This is consistent with data from other studies, both in the UK and abroad. A retrospective study in the USA reported that dermatological disease was present in 29 per cent of rabbits presented to the veterinary clinic,[@R37] while a survey of apparently healthy rabbits in Finland identified a prevalence of 16.8 per cent.[@R14] A survey of the conditions which UK vets perceived they commonly encountered also reported an estimated prevalence for skin conditions of 25.3 per cent in rabbits.[@R17]

Overgrown nails were the most common fine disorder in this study (16 per cent), similar to the 18.6 per cent reported in another UK study.[@R15] Although nail clipping is often seen as a routine procedure, nail elongation can indicate underlying husbandry deficits, including lack of space to exercise or inappropriate substrate. Alternatively, overgrown and deformed nails may be seen in older and/or overweight rabbits and may be associated with periods of excessive inactivity due to underlying disease.[@R38]

Perineal soiling was the second most common dermatological disorder (4.5 per cent) in this study, but this condition was not listed as a specific category in previous studies so the results of the current study cannot be directly compared. A UK-based survey did however indicate 'dirty bottoms' to be a common underlying health concern for owners, with 30.1 per cent reporting they had encountered this problem in their rabbits.[@R11] Perineal soiling is significant in pet rabbits because affected animals are subsequently predisposed to more serious disorders such as myiasis. The presence of soiling also often indicates underlying health issues such as obesity, pain, and urinary or gastrointestinal disease.[@R39] Rabbits with orodental disease have also been shown to be at increased risk of developing dermatological disorders later in life.[@R40]

Dental disorders are perceived by veterinarians as the most common disorder in pet rabbits,[@R14] and at the fine-level disorder overgrown molar(s) was the second most prevalent disorder. Oral disorders including overgrown incisors, overgrown molars and generalised dental disease were identified in 10.9 per cent of rabbits in this study. Another smaller study on common clinical presentations in small animal practice similarly reported overgrown incisors in 10.3 per cent and molar spurs in 4.1 per cent of rabbits.[@R16] However, despite these apparently high prevalence values, both studies may still underestimate the true prevalence of dental disease because surveys using endoscopic examination of the oral cavity or radiological screening have reported much higher prevalence estimates of 38.1--40.1 per cent.[@R14] In the present study, male rabbits had higher prevalence of dental disease than female rabbits. Previous evidence regarding sex as a risk factor for dental disease is conflicting. Two smaller studies identified no effect of sex on the presence of dental disease,[@R14] while another study identified male rabbits with higher risk of dental disease consistent with the current study.[@R43] Increased likelihood of developing overgrown molars in male compared to female rabbits may be, in part, explained by sexual dimorphism expressed in rabbits' masseter muscle fibres.[@R44] Interestingly a later study found that the differences between muscle fibres were largely driven by androgens and that castration of young adult males by six months of age prevented the development of this sexually dimorphic trait.[@R45] Ultimately the aetiology of dental disorders in rabbits appears to be multifactorial, with age, sex, breed, genetic disposition, husbandry and diet all playing contributory factors.[@R46] Further research is necessary to determine whether male rabbits are generally at an increased risk of dental disorders or whether the true risks are more nuanced than this.

Gastrointestinal/abdominal disorders, including ileus, were reported in 10.9 per cent of rabbits. Veterinarians perceive gastrointestinal disorders to be the third most common presentation, with an estimated prevalence of 15.2 per cent.[@R17] Ileus can, however, be caused by multiple factors, including pain, stress, inappropriate diet and dental disease.[@R47] The presence of ileus alone, therefore, does not necessarily signify a primary gastrointestinal or even abdominal disease. One previous study reported a prevalence of 25.1 per cent for ileus, with young adult rabbits, dwarf and lop breeds potentially being at increased risk.[@R48] The study was however performed at an exotics referral practice, so it may not necessarily reflect the whole UK pet rabbit population. Unfortunately, the current study did not include data on the types of diet fed to these rabbits, but a future study that includes this information would be very useful to explore dietary associations with gastrointestinal/abdominal disorders.

Ocular disorders were reported in 7.3 per cent of rabbits. The most common specific ocular disorders recorded were dacryocystitis, conjunctivitis or ocular discharge. Similarly, veterinarians perceive ocular disorders to be a fairly common presentation, with an estimated prevalence of 5.3 per cent.[@R17] Ocular discharge was noted as the most frequently presented problem in rabbits at 10.3 per cent in one study that reviewed commonly presented problems in small animal practice.[@R16] However, ocular discharge is a non-specific sign and may indicate a number of ophthalmic diseases including dacryocystitis and conjunctivitis, and also potentially underlying dental or respiratory disease.[@R49] Further research is necessary to establish more details about these ocular disorders and any associated disease.

Parasitic disorders were reported in 7.1 per cent of rabbits. This prevalence value is difficult to directly compare with previous literature as other studies have tended to categorise conditions only into body systems or presenting signs rather than into specific aetiological causes. Myiasis was the most commonly recorded parasitic disorder, affecting 2 per cent of rabbits. The relatively high level of myiasis recorded under primary veterinary care may be promoted by an emotional reaction in owners that myiasis warrants more rapid veterinary care than other parasitic or general conditions. Previous studies have reported that 94.5 per cent of veterinary practices in England and Wales treated at least one case of myiasis, and electronic health records identified myiasis in 0.6 per cent of consults.[@R50] Myiasis is a significant welfare concern as mortality rates with this condition appear high, with 44.7 per cent of cases recorded as euthanased or dying from the condition.[@R50]

There were some limitations to the current study. The practices contributing data were a convenience sample based on practices participating in VetCompass. Consequently, their geographical location, client demography and clinical approaches may not be representative of all veterinary practices in England. Associations between breed types and disorder prevalence were not assessed in the current study because the study was underpowered for such analyses. There was a high proportion of missing data for neuter status and bodyweight, so the results reported for these variables should be treated with caution. The opportunity for clinicians to document a more thorough demography for rabbits in terms of breed information, neuter status and bodyweight (or body condition) is clear. This information would aid future research but is also of immediate clinical significance when considering differential diagnoses and disease risk.

The most common causes of death recorded appear to be end-stage clinical signs (eg, myiasis or collapse/recumbency) that are secondary to underlying disease processes. The analyses did not attempt to correct for multiple comparisons so the P values should be interpreted as exploratory rather than confirmatory in nature.[@R52] No attempts were made by the researchers to second-guess the underlying disorders in cases where only clinical signs were listed. This suggests the importance of approaching preventive or routine veterinary visits in rabbits with heightened vigilance for insidious signs that are unapparent to owners but that can indicate unrecognised disease processes. Fine-level disorders can be grouped according to many different schemes, such as body location, body system and pathophysiology.[@R20] The current study elected to group according to broader categories as typically used by veterinary practitioners, but alternative grouping methods may have yielded differing conclusions. Finally, this study only included data on those rabbits presented to a veterinary practice. Therefore, while the authors cannot assume that the findings will generalise equally to all pet rabbits in England, the findings from this study together with those from other studies can be combined in order to increase understanding of common disorders in this species.

Conclusion {#s5}
==========

This study represents the largest practice-based study to date of rabbit health in England. The relatively low median age of death of 4.3 years in rabbits that attended veterinary practices was identified. Myiasis, anorexia, recumbency and ileus were recorded as the most common reasons for death or euthanasia. Dermatological, oral, gastrointestinal and ocular disorder groups were commonly recorded. The most frequent individual conditions reported included nail conditions, dental disease, perineal soiling, ileus, overweight and anorexia. This study adds to the limited evidence base on rabbit health and provides veterinary clinicians with a clearer understanding of the common conditions recorded in primary-care veterinary practice in England. This information can guide both further professional education and research priorities for improved rabbit health.
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